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(57) ABSTRACT

The electric heating arrangement (1) has a tubular housing
(2) in which is provided at least one PTC heating element
(20) and at least one pair of metallic heat dissipators (9)
between which the at least one heating element (20) is

clamped and which for this purpose each comprise a base
portion (10) facing the at least one heating element and one

or two curved legs (15) projecting from said base portion,
which adapt themselves resiliently to the mnner surface of the
surrounding wall of the housing (2). The invention provides
that the legs (15) taper toward their free ends and/or that the
base portion (10) 1s thicker than the legs (15) projecting it.

20 Claims, 4 Drawing Sheets
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1
ELECTRIC HEATING ARRANGEMENT

BACKGROUND OF THE INVENTION

The present 1nvention relates to an electric heating
arrangement having the features defined 1n the preamble of
Claim 1. A heating arrangement of that kind 1s known from
DE 26 14 433 (C3. The known heating arrangement com-
prises a tubular housing 1n which a PTC heating element 1s
arranged between two metallic heat dissipators. The heat
dissipators comprise a flat base facing the PTC heating
clement, with curved legs projecting from 1ts longitudinal
edge that are 1n resilient contact with the mner wall of the
housing. The heat produced by the PTC heating element 1s
thus absorbed by the heat dissipators through their bases and
1s transferred to the housing via their legs. It 1s a disadvan-
tage of such known heating elements that they are suited
only for low heat output, for example of 14 W, and that
thermal coupling of the PTC heating element to the housing
will progressively degrade over time, especially 1n cases of
higher output. Especially when liquids are to be heated 1n a
motor vehicle, for example urea solutions which are required
for catalytic converters, the known heating arrangement 1s
not suited because of its low output and because of the
relatively rapid degradation of the thermal coupling efli-
ciency between the PTC heating element and the housing,.

SUMMARY OF THE INVENTION

Now, 1t 1s the object of the present invention to open up
a way of achieving permanently improved thermal coupling
of the PTC heating element to the housing in a heating
arrangement of the before-mentioned kind even over an
extended period of time and with higher power output 1n the
range of several 100 Watts, as required 1n passenger car
applications.

This object 1s achieved by an electric heating arrangement
having the features defined 1n Claim 1 or defined in claim 3.
Advantageous further developments of the invention are the
subject-matter of the sub-claims.

In the case of the heating arrangement according to the
invention as shown in FIG. 1 the leg/legs of the heat
dissipators taper toward their free ends. Basically, a single
leg projecting from the base portion of the respective heat
dissipator would be sutficient. Preferably, however, two legs
project from the base portion. In both cases the aim 1s that
the legs should transfer the heat generated by the heating
arrangement to the medium to be heated as efficiently as
possible.

According to a particularly preferred solution, the legs
taper continuously and uniformly over their full length.
Surprisingly 1t has been found that using this simple measure
one achieves considerably improved and more uniform
thermal coupling between the PTC heating element and the
housing. The temperature differences between the different
arcas of the housing, and between the housing and the heat
dissipators, are lower than 1n arrangements of the prior art
which has the further advantageous cifect to reduce the
differences 1n locally occurring thermal expansmn between
the respective materials. Now, the smaller the differences in
thermal expansion between the different parts of the heating
clement, the more reliable and durable can the legs of the
heat dissipators adapt themselves to the mner wall of the
housing, thereby ensuring optimum thermal coupling
between the PTC heating element and the housing. In
addition, uniform heat distribution and uniform surface
temperature of the housing guarantee optimum heat transfer.
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2

It 1s advantageous for this purpose if the leg, or the legs
together, cover the mner surface of the surrounding wall of
the housing as fully as possible, preferably nearly com-
pletely. Preferably, those ends of the legs, which are attached
to the base portion of the respective heat dissipator, have the
oreater thickness. This feature provides the advantage to
provide high mechanical stability of the heat dissipator with
the result that the legs can be pressed against the housing at
higher force, especially if the base portion 1s robust, too.
Preferably, the base portion 1s thicker than the legs project-
ing from 1t so that 1t can be regarded as being rigid,
compared with the legs. This advantageously leads to even
better heat transter from the PTC heating element to the
housing because intimate contact 1s ensured between both
the heat dissipator and the heating element and between the
heat dissipator and the housing.

According to FIG. 3, the object of the invention 1is
achieved by the fact that the base portion of the heat
dissipators 1s thicker than the legs projecting from it, which
are to adapt themselves resiliently to the housing. This
provides the advantage that the base portion exhibits higher
rigidity than the legs and can prevent the base portion from
bending and from partially losing contact to the heating
clement when the legs are bent. Instead, the heat transfer
from the heating element to the heat dissipator remains
guaranteed.

The teaching of Claim 1 can be combined very advanta-
geously with the teaching of Claim 3.

An advantageous further development of the invention
provides that the base portion 1s made especially thick on its
side facing away from the heating element, in the middle
between the legs. One thereby achieves especially high
stability of the heat dissipators and high thermal conductiv-
ity. The legs can be subjected to greater pre-stress without
any bending risk for the base. The greater the pre-stress
acting on the leg, the higher will be the force at which 1t will
be pressed against the inner surface of the housing and,
accordmgly, thermal coupling to the housing. If the base
portion 1s made thicker 1n 1ts central portion than at its ends
from where the leg or the legs project, this moreover
enhances the flexibility of the legs and increases the length
over which they can bend easily.

It 1s preferred that the base portion comprises on 1its side
facing away from the heating element a U-shaped receiving
portion extending 1n the longitudinal direction of the hous-
ing. Advantageously, an electric connection line for the PTC
heating element may be inserted into such a U-shaped
receiving portion, and may be fixed by soldering or welding
and/or pressing, so that an electric connection can be rea-
lised without any separate connection elements.

Another advantageous further development of the inven-
tion provides that the housing 1s deformed by the legs of the
heat dissipators pressing against 1ts mnner surface. A tubular
housing, for example, havmg a circular cross-section before
the heating arrangement 1s assembled, may be deformed 1n
this way to assume an elliptical or oval cross-section. Such
deformability of the housing enhances the full-surface inti-
mate application of the legs against the heat dissipators.
Especially, it 1s then possible, if the housing and the one or
more heat dissipators consist of different materials and,
consequently, have different thermal expansion coeflicients,
to achieve good surface contact between the legs and the
housing and to ensure good thermal coupling over a wide
temperature range. Preferably, the wall thickness 1s,
therefore, smaller than the thickness of the legs, being
preferably 1n the range of between 0.1 mm and 0.7 mm only,
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most preferably in the range of between 0.2 mm and 0.5 mm.
It has been found that if such wall thicknesses are used, the
housing will on the one hand still reliably protect the interior
of the heating arrangement, while on the other hand it will
be deformed a little by the legs of the heat dissipators
pressing against 1ts i1nner surface so that good surface
contact 1s achieved between the housing and the legs.

A heating arrangement according to the invention may of
course be equipped with a single PTC heating element or
with a plurality of PTC heating elements. Similarly, the heat
dissipator may extend over the full length of the housing
equipped with PTC elements, or there may be provided a
plurality of heating elements arranged one behind the other
in the tubular housing. A particularly advantageous arrange-
ment 1S achieved 1f the at least one PTC heating element 1s
arranged between pairs of heat dissipators the bases of
which are arranged one opposite the other. One thereby
achieves especially efficient heat dissipation from both sur-
faces of the PTC heating element.

Another advantageous further development of the mnven-
tion provides that the heat dissipators consist of aluminium
or of an aluminium alloy. Aluminium and aluminium alloys
distinguish themselves by high thermal conductivity. In
addition, aluminium and aluminium alloys allow low-cost
production of the heat dissipators by press-drawing. Espe-
cilally preferred for this purpose are AlMgSi1 alloys, for
example AIMgS11F32 alloys, which combine 1n themselves
good resilience with good thermal conductivity. Another
advantageous further development of the 1nvention provides
that the housing has an open end with an integral flange
formed thereon. The flange provided on the open end of the
housing facilitates introduction of the heating insert, con-
taining the one or more heating elements and the heat
dissipators, mnto the housing. Once the mner elements have
been 1ntroduced into the housing, its upper open side can
then be closed tightly. This preferably is effected using a
plastic cap, preferably with a sealing ring arranged between
the flange and the plastic cap. Following this process, the
upper open side 1s tightly sealed using a casting compound,
for example a silicone plastic compound, the necessary
clectric connections being run to the outside through the
scaling compound. Another advantageous further develop-
ment of the invention provides that the housing 1s made from
stainless steel. This feature provides the advantage that the
housing will not be attacked by corrosive liquids, for
example by a urea solution as used in catalytic converters of
motor vehicles. Alternatively, 1t 1s however also possible to
make the housing from aluminium, which may be anodised
and/or provided with a corrosion-resistant coating, for appli-
cations 1n corrosive liquids. There 1s, however, also the
possibility to make the housing from a plastic material
exhibiting relatively high thermal conductivity, compared
with other plastic materials, for example a PTFE filled with
mineral or ceramic fillers.

BRIEF DESCRIPTION OF THE DRAWING
FIGURES

Further details and advantages of the invention will be
discussed hereafter with reference to one embodiment of the
invention and the attached drawings in which:

FIG. 1 shows a longitudinal section through the housing
of one embodiment;

FIG. 2 shows a cross-section through that embodiment;

FIG. 3 shows a heat dissipator and a detail of the housing;
and

FIG. 4 shows an alternative embodiment of a heat dissi-
pator.
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FIG. 1 shows a longitudinal section of the cylindrical
housing 2 of a heating arrangement 1, the upper open end 4
of which 1s provided with a plastic cap 3. The opposite lower
end 5 of the housing 2 i1s closed. In the 1illustrated
embodiment, the housing 2 has been produced from stain-
less steel as a single-piece by deep-drawing a tubular
member from sheet metal followed by 1nserting a mandrel
into the tubular member and rolling i1t whereby the tubular
member 1s stretched further. However, producing the hous-
ing 2 from a tubular semi-finished product and attaching a
bottom 6 subsequently by welding, soldering, beading,
pressing, or the like, would also be possible. Formed inte-
orally with the upper open end 4 of the housing i1s a flange
7. The flange 7 on the one hand provides the advantage to
serve as a guide when the inner elements are mserted—see
FIG. 2—while on the other hand it facilitates the attachment
of a plastic cap 3 via an interposed secaling ring 8, 1f desired.

FIG. 2 shows a cross-section of the heating arrangement
1 after the inner elements have been inserted. The heat
produced by the PTC heating elements 20 1s transferred to
the housing 2 via heat dissipators 9 which include between
them the PTC heating element 20. The heat dissipators 9
have a base portion 10 the flat side of which faces the PTC
heating element 20 and 1s 1n good thermally conductive
contact with the PTC heating element 20. From the base
portion 10 of the metallic heat dissipator 9, the heat 1s carried
off via curved legs 15 that project from the base portion 10
and press resiliently against the inner surface of the housing,
2. In order to achieve optimum thermal coupling between
the housing 2 and the legs 15 of the heat dissipators 9 it 1s
important that the latter always press against the housing 2
at the highest possible spring power. High temperature
oradients and, thus, locally different thermal expansion
counteract, however, such uniform pressing effect. To over-
come this situtation, the legs 15 are designed to taper
uniformly over their full length toward their ends. This
feature counteracts the development of a temperature gra-
dient along the legs 15 and improves, through uniform
contact pressure, the thermal coupling effect between the
heat dissipator 9 and the housing 2.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The following 1s a more detailed description of the
structure of the heating arrangement 1:

One or more flat PTC heating elements 20 have been
inserted mnto a frame 21, made from plastic, and have been
secured 1 such frame against displacement. The bottom
contact surfaces 22 of the PTC heating elements 20 are in
direct contact with the flat side of the base 10 of a first heat
dissipator 9. The upper contact surfaces 24 are completely
covered by a contact plate 25. Formed integrally on the
contact plate 25 is a connection element (not shown) serving
as current supply, which 1s run to the outside from the
heating arrangement 1. The contact plate 25 1n turn 1s
covered by an insulating layer 26, preferably made from a
ceramic material. The insulating layer 26 1s selected to be as
thin as possible. The flat side of the base element 10 of a
second heat dissipator 9 1s placed on that insulating layer 26.

The two heat dissipators 9 preferably exhibit the same
design. While current 1s supplied, as has been described
above, via a connection element provided on the contact
plate 25, the ground connection 1s formed 1n the U-shaped
receiving portion 17 in the base 10 of the heat dissipator 9
(not shown) by a connection wire that has been pressed into
the recerving portion 17 and has been run out of the heating
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arrangement 1. A thicker portion 18 of the base 10 improves
the mechanical stability of the heat dissipators 9 and allows
higher pressing forces to be applied on the housing 5 by the
legs 15, without causing the base 10 to bend and to be
partially lifted off the heating element 20. As shown 1n FIG.
3, the thicker portion 18 may terminate 1n extensions 12
forming the U-shaped receiving portion 17 for a ground
wire. The receiving portion 17 1s not actually needed for the
second heat dissipator 9 if the housing 2 1s connected to
oround. For production reasons it 1s, however, most favour-
able 1f both heat dissipators 9 have the same configuration.

In the case of an insulating housing 2 with a thin 1nsu-
lating layer between the metallic surrounding wall of the
housing 2 and the heat dissipators 9 1t would, however,
likew1se be possible to fix a wire as potential connection at
this point.

In a variant of an insulating housing 2 where a contact
plate and an insulating layer are inserted on both sides
between the PTC heating element 20 and the heat dissipator
9, the receiving portion 17 1s, however, not needed for fixing
the connection wire because 1n this case both the ground

connection and the potential connection are established via
contact plates. One embodiment of such a heat dissipator 1s

1llustrated 1in FIG. 4.

The spring power of the legs 15 of the heat dissipators 9
leads to a slightly oval elastic deformation of the housing 2
with the contours of the 1nner surface 14 of the housing and
of the outer surfaces 13 of the legs being 1n optimum
full-surface pressing contact with each other, thereby form-
ing the largest possible heat transfer surface. In order to
achieve a slight deformation of the housing 2 by the legs 15
pressing against 1t—which, as mentioned before, leads to
improved thermal coupling—the housing 2 has a wall thick-
ness of 0.4 mm only while the heat dissipators 9 are
considerably thicker. A material particularly well suited for
the housing 2 1s stainless steel because this material can be
used 1n many corrosive liquids, for example in a urea
solution.

FIG. 3 shows a single heat dissipator 9 and part of the
housing 2 prior to assembly. As can be seen, the radius R2
and R2 ' of the outer surfaces 13 of the legs 1s a little greater
than the radius R1 of the inner surface of the originally
cylindrical housing 2. The centre point M1 1s located cen-
trally 1in the middle of the housing 2. R2 and R2' have no
common centre point, M2 as centre point of R2 and M2 ' as
centre point of R2 ' being defined a little laterally of M1 and
below the centre line of the housing 2. This leads to a
positive distance a between the outer surface of the legs 13
and the 1nner surface of the housing 2 at the underside of the
base 10 of the heat dissipator 9 and to a negative distance a'
at the tips 16 of the legs 15 1n the pre-assembly condition.

The pressure exerted by the spring power after assembly
causes the outer surfaces 13 of the legs and the 1inner surface
14 of the housing to apply themselves so snugly one against
the other that the distances a and a' tend substantially
towards zero so that the outer surfaces of the legs and the
inner surface of the housing are 1 surface-to-surface contact
and, thus, 1n thermally conductive contact one with the other.
In order to prevent the base 10 of the heat dissipator 9 from
buckling under the effect of the spring power, and yet to
guarantee suflicient elasticity of the legs 15, the base 10 1s
ogrven an especially great thickness. This simultaneously
makes 1t particularly well suited for heat conduction.

The legs 15 have a thickness d in their starting regions and
taper toward their tips 16 to assume a thickness d'. This
guarantees efficient heat conduction along the legs 15 and
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simultaneously high elasticity of the tips 16. Prior to
assembly, a small distance s exists between the tips 16,
which 1s further reduced as the tips are pressed one against
the other during assembly. The distance s 1s selected to be as
small as possible with a view to achieving a large heat
transfer surface without any gaps and, on the other hand, to
providing sufficient play for easy installation and compen-
sation of thermal expansion effects. The described heat
dissipator 9 with its profiled cross-section 1s preferably cut
from an extruded profile material produced from an alu-
minium alloy.

What 1s claimed 1s:

1. Electric heating arrangement having a tubular housing
in which 1s provided at least one PTC heating element and
at least one pair of metallic heat dissipators between which
the at least one heating element 1s clamped and which for
this purpose each comprise a base portion facing the at least
one heating element and one or two curved legs projecting
from said base portion, which adapt themselves resiliently to
the 1nner surface of the surrounding wall of the housing,
wherein the legs taper toward their free ends.

2. The heating arrangement as defined in claim 1, wherein
the base portion 1s thicker than the legs projecting from 1it.

3. Electric heating arrangement having a tubular housing
in which 1s provided at least one PTC heating element and
at least one pair of metallic heat dissipators between which
the at least one heating element 1s clamped and which for
this purpose each comprise a base portion facing the at least
one heating element and one or two curved legs projecting
from said base portion, which adapt themselves resiliently to
the 1nner surface of the surrounding wall of the housing,
wherein the base portion 1s thicker than the legs projecting
from 1it.

4. The heating arrangement as defined 1n claim 3, wherein
the legs taper toward their free ends.

5. The heating arrangement as defined in claim 1 or 3,
wherein the legs taper continuously over their full length.

6. The heating arrangement as defined 1n claim 5, wherein
the legs taper uniformly.

7. The heating arrangement as defined 1n claim 1 or 3,
wherein the base portion has the greatest thickness in the
middle between the legs projecting from 1it.

8. The heating arrangement as defined 1n claim 1 or 3,
wherein two extensions extending in the longitudinal direc-
tion of the housing are formed on the base portion, on its side
facing away from the heating element, which extensions
form a terminal of U-shaped cross-section for a power
supply cable.

9. The heating arrangement as defined 1n claim 1 or 3,
wherein the base portion exhibits a flat, especially a plane,
coniliguration on 1its side facing the PTC heating element.

10. The heating arrangement as defined 1n claim 1 or 3,
wherein the surrounding wall of the housing 1s thinner than
the base portion and the legs.

11. The heating arrangement as defined 1n claim 1 or 3,
wherein the wall thickness of the housing 1s 0.1 mm to 0.7
mm.

12. The heating arrangement as defined in claim 1 or 3,
wherein the heat dissipators consist of aluminium or an
aluminium alloy.

13. The heating arrangement as defined 1n claim 12,
wherein the heat dissipators are made from an extruded
proiile material.

14. The heating arrangement as defined 1n claim 1 or 3,
wherein for mounting the heating elements the housing
comprises an open end with an integrally formed flange
which can then be closed after assembly.
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15. The heating arrangement as defined 1n claim 14, 19. The heating arrangement as defined 1n claim 1 or 3,
wherein a plastic cap 1s held on the flange of the housing. wherein the wall thickness of the housing is 0.2 mm to 0.5
16. The heating arrangement as defined in claim 135, mm.
wherein a sealing ring 1s arranged between the plastic cap 20. The heating arrangement as defined in claim 1 or 3,

and the flange. 5
17. The heating arrangement as defined in claim 1 or 3,
wherein the housing consists of stainless steel.
18. The heating arrangement as defined in claim 1 or 3,
wherein the legs together cover almost the whole inner
surface of the surrounding wall of the housing. I I

wherein the housing 1s deformed by the legs of the heat
dissipators applying themselves resiliently against its sur-
rounding wall.



	Front Page
	Drawings
	Specification
	Claims

